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Abstract: We investigate the DC transport properties of 60V2O5–5P2O5–(35x)B2O3–xDy2O3 (x =
0.4, 0.6, 0.8, 1.0 and 1.2 mol%) glasses as function of temperature which were prepared using
the conventional melt-quenching method. These glasses are characterised by thermo
gravimetric-differential thermal analysis (TG-DTA). Activation energy (EDC) is obtained from
Arrhenius plots of temperature-dependent DC conductivity, and it is found to be 0.30 eV for high
conducting glass. In order to understand the role of Dy2O3 in these glasses, the density and molar
volume are investigated. The results show that molar volume of the glass increases with the increasing
of Dy2O3 concentration. The ionic conductivity is found to be dominant over the electronic
conductivity and varies between 82% and 96%.
Keywords: transport properties; melt quenching; Arrhenius plot; glasses

1 Introduction
Transition metal oxide glasses have been studied
because of their interesting semiconducting properties,
which are due to the hopping of “polarons” from the
higher to the lower valence states of the transition
metal ions [1]. In these glasses, strong
electron–phonon interaction is responsible for the
formation of small polarons [2,3]. Vanadate glasses
contain V4+ and V5+ ions, where the electrical
conduction is endorsed to the hopping of 3d1 unpaired
electron from V4+ to V5+ sites. These glasses have been
considered as a new branch in semiconducting glasses
because of their wider glass-forming region and
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possible technological applications [4–8]. In B2O3
glasses, two groups of bands such as trigonal BO3 and
tetrahedral BO4 are obtained [9]. When transition metal
ions are added to the borate glasses, they exhibit
specific physical properties. When these glasses are
grafted with alkaline earth ions, the resultant glasses
have several applications [10–13]. Phosphate glasses
hold abundant advantages such as high thermal
conductivity, low melting and softening temperature
and high thermal expansion coefficient over silicate
and borate glasses [14].
In the last three decades, several attempts were made
to develop fast ion conducting glasses because of their
prospective applications as high energy density
batteries [15]. The physical properties of the phosphate
glasses can be improved by the addition of different
heavy metal oxides [16,17].
Glasses containing rare earth and transition metal
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have been widely studied using structural and optical
spectroscopy due to their many potential applications,
like optical amplifiers in telecommunication [18],
phosphorescence materials and electrochemical
batteries [19].
The aim of this work is to prepare the glass systems
60V2O5–5P2O5–(35x)B2O3–xDy2O3 (x = 0.4, 0.6, 0.8,
1.0 and 1.2 mol%) to analyze the DC electrical,
thermal and physical properties. The characterization
technique, thermo gravimetric-differential thermal
analysis (TG-DTA) is employed to study the structural
properties of the glass samples.

2 Experiment
The preparation of 60V2O5–5P2O5–(35x)B2O3–
xDy2O3 (x = 0.4, 0.6, 0.8, 1.0 and 1.2 mol%) glasses
has been described and its characterization details were
reported in Ref. [20]. For the electrical measurements,
the samples were polished and conducting silver paste
was deposited on both sides. The sample area was
taken to be the area exposed to the electrode surface.
The area under electrode ranged between
0.22–0.33 cm2, and the thickness of samples varied
between 0.29–0.36 cm. Measurements of DC
conductivity as a function of temperature in all the
samples were made by two-probe technique in the
temperature range of 303–473 K, as the glass systems
have
low
60V2O5–5P2O5–(35x)B2O3–xDy2O3
Johnson noise due to high conductance at high
temperature [21]. For ionic transference number
measurement, the samples were polished and graphite
electrode (blocking electrode) was deposited on both
sides of the samples. The samples were held between
the sample holders. The sample holder was provided
with spring-mechanical pressure to ensure good
electrical contact. A constant voltage (DC) of 6 V was
applied to the samples. The measurement was
performed at room temperature. The total ionic ( tion )
and electronic ( tele ) transference numbers were
calculated from Eqs. (1) and (2) [22–25]:
I I
tion  i f
Ii

tele  100  tion

(1)

(2)

where I i is the initial value of the current at the start;
and I f is the current on reaching saturation.
The density of the glass bits free of air bubbles and

cracks was determined at room temperature through
Archimedes principle, by using xylene (   0.863g/ml).
The density was estimated by using Eq. (3):



Wa 
  l
 Wa  Wl 

 

(3)

where  is the density of the sample; Wa is the
weight of the sample in air; Wl is the weight of the
sample fully immersed in xylene; and l is the
density of xylene.
The molar volume Vm was calculated from Eq. (4)
[26–30]:
M
(4)
Vm  T

where M T is the molecular weight of the glass
calculated by multiplying x times the molecular
weights of the various constituents.
The oxygen packing density (OPD) was determined
from Eq. (5) [31]:

 
D0  
 MT

3
3. 1


  number of oxygen atoms per formula unit

(5)

Results and discussion
Characterization of materials

From the previous results by X-ray diffraction analysis,
it is found that all the samples possess the amorphous
nature; the thermal stability was studied by thermo
gravimetric differential analysis, and the thermal
stability of the glass is found to be excellent for the
composition with x = 0.6 [20].
3. 2

DC conductivity

The DC conductivity (  DC ) for all samples was
calculated using the sample dimensions. The reciprocal
temperature dependence of the DC conductivity is
shown in Fig. 1. The plots show DC conductivity
exhibits an Arrhenius-type temperature dependence
given by the relation:
 E 
(6)
 DC   0 exp   DC 
 KT 
where EDC is the activation energy which is
calculated from the least square straight line fitting of
plots; and  0 is the pre-exponential factor.
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The variation of  DC and EDC as functions of
molar fraction of Dy2O3 are depicted in Fig. 2. It is
observed that the conductivity shows a random nature.
At room temperature, it is maximum for 0.6 mol% of
Dy2O3 and decreases for 0.8 mol% of Dy2O3. If we
further increase the molar fraction of Dy2O3, the
conductivity increases. The highest conductivity is
found to be 8.22  103 S/cm at 473 K. The value of
activation energy ranges between 0.30–0.52 eV. The
maximum value of conductivity corresponds with the
minimum value of activation energy. The explanation
for the enhancement in the conductivity is given on the
basis of Anderson and Stuart model. According to this
model, as one of the network ions is substituted by
another glass modifier ion, the average interionic bond
distance becomes larger or smaller according to
whether the substituting ion is larger or smaller. In the
present case, Dy being slightly larger in size than
boron, the substitution of boron by Dy will increase the
interionic bond distance. Thus with the addition of
0.4 mol% Dy2O3, the structure becomes loose and
hence the conductivity increases [32]. The decrease in
conductivity beyond 0.8 mol% Dy2O3 is similar to that
reported in alkali alumino silicate glass system [33]. In
the present study, the addition of Dy2O3 eliminates the
number of non-bridging oxygens (NBOs) and
simultaneously creates bridging oxygens (BOs). This
may decrease the open structure, through which charge
carrier can move with lower mobility [34]. The further
enhancement in conductivity may be due to the
creation of NBOs.

Fig. 2

Variation of  DC and EDC with molar

fraction of Dy2O3.

3. 3

Transference number measurement

The transference number gives the information of the
extent of ionic and electronic contribution to the total
conductivity. The total ionic and electronic
transference numbers ( tion and tele ) were measured
using DC polarization technique by sandwiching the
sample between graphite (blocking) electrodes. The
polarization current has been monitored as a function
of time by applying fixed DC potential across the
sample. The total ionic and electronic transference
numbers have been calculated from the plot using Eqs.
(1) and (2) [22–25].
The current versus time plots of all samples are
obtained which exhibit typical behavior of ionic charge
transport. Figure 3 shows the plots of current versus
time for all the compositions of 60V2O5–5P2O5–

Current (A)

Fig. 1
Temparature
conductivity.

0.4 mol%

0.6 mol%

0.8 mol%

1.0 mol%

1.2 mol%

Time (min)

Fig. 3 Plots of DC current versus time for
60V2O5–5P2O5–(35x)B2O3–xDy2O3.
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Conclusions

The melt-quenching technique is a very simple method
for the preparation of the conducting glasses. The DC
conductivity shows Arrhenius-type temperature
dependence. The maximum value of conductivity and

Dy2O3 (mol%)

Fig. 4 Variation of the density and molar volume
with molar fraction of Dy2O3.

OPD ((g·atm)/L)

The density is a powerful tool capable of exploring the
changes in the structure of glasses. The density is
affected by the structural softening/compactness,
change in geometrical configuration, coordination
number, cross-link density, and dimension of
interstitial spaces of the glass. In the studied glasses, it
is noted that the density decreases from 2.88 g/cm3 to
2.74 g/cm3, congruent with an increase in the molar
volume from 49.32 cm3/mol to 52.36 cm3/mol as the
Dy2O3 content increases on the expense of B2O3
content as shown in Fig. 4 and listed in Table 1. It is
expected that the density and molar volume should
show opposite behavior to each other, and so in the
studied glasses the molar volume increase with the
decrease in the density as the Dy2O3 content increases
[35]. The increase in the molar volume can be
attributed to the larger packing factor of Dy2O3 than
that of B2O3. Accordingly, the structure of the studied
glasses will be expanded, but with compactness and
high number of covalent bonds. Figure 5 shows the
variation of molar volume as well as OPD with Dy2O3
content. It is noted that the molar volume increases and
OPD decreases with Dy2O3 content [36–38].

Molar volume (cm3/mol)

3. 4

Density (g/cm3)

(35x)B2O3–xDy2O3. The total current becomes nearly
constant at some non-zero value after some time. The
final residual current is mainly due to electrons/holes.
The values of transference numbers are found to be in
the range of 0.82 to 0.96. This suggests that the charge
transport in all the samples are predominantly due to
ions.

Molar volume (cm3/mol)
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Dy2O3 (mol%)

Fig. 5 Variation of molar volume and OPD with
molar fraction of Dy2O3.

minimum value of activation energy are found to be in
the range of 8.22×103 S/cm at 473 K and 0.30–0.52 eV,
respectively. The ionic conductivity is found to be
dominant over the electronic conductivity and varies
between 82% and 96%. It is realised that the structural
modification depends on the density and molar volume.
The density is found to be decreased from 2.88 g/cm3
to 2.74 g/cm3, congruent with the increase in molar
volume from 49.32 cm3/mol to 52.36 cm3/mol as the
Dy2O3 content increases.

Table 1 Physical properties of 60V 2O5–5P2O5–(35x)B2O3–xDy2O3
Dy2O3 (mol%)

Density,  (g/cm3)

Molecular weight, M T (g/mol)

Molar volume, Vm (cm3/mol)

OPD, DO ((g·atm)/L)

0.4
0.6
0.8
1.0
1.2

2.88
2.82
2.79
2.78
2.74

141.80
142.41
144.23
143.02
143.63

49.32
50.47
51.59
51.32
52.36

0.320
0.317
0.310
0.311
0.305
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